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(57) ABSTRACT 

Sequential speech recognition using tWo unequal automatic 
speech recognition (ASR) systems may be provided. The 
system may provide tWo sets of vocabulary data. A determi 
nation may be made as to Whether entries in one set of vocabu 
lary data are likely to be confused With entries in the other set 
of vocabulary data. If confusion is likely, a decoy entry from 
one set of the vocabulary data may be placed in the other set 
of vocabulary data to ensure more e?icient and accurate 
speech recognition processing may take place. 
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SEQUENTIAL SPEECH RECOGNITION 
WITH TWO UNEQUAL ASR SYSTEMS 

BACKGROUND 

[0001] Sequential speech recognition using tWo unequal 
automatic speech recognition (ASR) systems is a process for 
providing reliable speech recognition While e?iciently man 
aging system resources. The more sophisticated anASR sys 
tem is, the more system resources (such as time, memory, 
computational poWer) it may require. Thus, a trade-off 
betWeen accuracy and the amount of claimed resources may 
often need to be balanced. To solve this problem one may 
sequentially apply a number of recognition systems in the 
order of increasing complexity. In the framework of this 
strategy, the decision must be made as to When the next 
system should be used. One solution to this problem is the 
subject of the present patent. 

SUMMARY 

[0002] Sequential speech recognition using tWo unequal 
automatic speech recognition (ASR) systems may be pro 
vided. This Summary is provided to introduce a selection of 
concepts in a simpli?ed form that are further described beloW 
in the Detailed Description. This Summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter. Nor is this Summary intended to be used to limit 
the claimed subject matter’s scope. 
[0003] A method for sequential speech recognition using 
tWo unequal automatic speech recognition (ASR) systems 
may be provided. The method may comprise providing tWo 
pluralities of vocabulary data, adding at least one decoy entry 
to the ?rst plurality of vocabulary data from the second plu 
rality of vocabulary data, receiving an input comprising an 
audio signal, determining Whether the input reliably matches 
at least one original entry in the ?rst plurality of vocabulary 
data, Whether the input matches at least one decoy entry in the 
?rst vocabulary data, and determining Whether the second 
plurality of vocabulary data needs to be involved in the rec 
ognition process. 
[0004] Both the foregoing general description and the fol 
loWing detailed description provide examples and are 
explanatory only. Accordingly, the foregoing general descrip 
tion and the folloWing detailed description should not be 
considered to be restrictive. Further, features or variations 
may be provided in addition to those set forth herein. For 
example, embodiments may be directed to various feature 
combinations and sub-combinations described in the detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this disclosure, illustrate 
various embodiments of the present invention. In the draW 
ings: 
[0006] FIG. 1 is a data How diagram of a system for pro 
viding e?icient speech recognition; 
[0007] FIG. 2 is a How chart of a method for providing 
e?icient speech recognition; 
[0008] FIG. 3 is a How chart of a subroutine used in the 
method of FIG. 2 for adding at least one decoy entry to a ?rst 
set of vocabulary data; and 
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[0009] FIG. 4 is a block diagram of a system including a 
computing device. 

DETAILED DESCRIPTION 

[0010] The folloWing detailed description refers to the 
accompanying draWings. Wherever possible, the same refer 
ence numbers are used in the draWings and the folloWing 
description to refer to the same or similar elements. While 
embodiments of the invention may be described, modi?ca 
tions, adaptations, and other implementations are possible. 
For example, substitutions, additions, or modi?cations may 
be made to the elements illustrated in the draWings, and the 
methods described herein may be modi?ed by substituting, 
reordering, or adding stages to the disclosed methods. 
Accordingly, the folloWing detailed description does not limit 
the invention. Instead, the proper scope of the invention is 
de?ned by the appended claims. 
[0011] Sequential speech recognition using tWo unequal 
automatic speech recognition (ASR) systems may be pro 
vided. Unequal speech recognition systems may comprise a 
?rst system having a small number of vocabulary entries and 
a second system comprising a larger number of vocabulary 
entries. Consistent With embodiments of the present inven 
tion, tWo separate speech recognition resources may be used 
to balance speed and accuracy in recogniZing speech received 
as an audio signal. For example, the ?rst system may com 
prise 300-500 vocabulary entries from a user’s address book 
and the second system may comprise 300,000-500,000 
vocabulary entries from a business directory. FIG. 1 is a How 
diagram of a system 100 for providing e?icient speech rec 
ognition and may be embodied in a computer. The computer 
may be described in more detail by the system of FIG. 4, 
described beloW. 
[0012] In system 100, a speech utterance 110 may be 
received from a source 160, such as a user or softWare appli 
cation. Utterance 110 may be passed to a ?rst speech recog 
niZer 120, Which may comprise vocabulary entries compris 
ing a plurality of Words and/or phrases. Utterance 110 may 
then be compared to each of the vocabulary entries to deter 
mine Whether utterance 110 may be recogniZed 130 as match 
ing at least one of the vocabulary entries. A recognition score 
may be calculated for each comparison betWeen utterance 
110 and one of the vocabulary entries, and the entry With the 
highest recognition score may be treated as the closest match 
for the utterance 110. The recognition score may be generated 
using a speech recognition technique, such as a Markov 
Model as described in US. Pat. Nos. 5,937,384 and 5,710, 
866, both assigned to Microsoft® Corporation and Which are 
hereby incorporated by reference in their entirety, or by Way 
of the comparisons described beloW in greater detail With 
respect to FIG. 3. 
[0013] First speech recogniZer 120 may also comprise at 
least one decoy entry. Consistent With embodiments of the 
invention, each original entry may be associated With at least 
one decoy entry. The at least one decoy entry may be added to 
?rst speech recogniZer 120 based on a comparison betWeen 
the vocabulary entries in ?rst speech recogniZer 120 and a 
second speech recogniZer 150. Decoy entries in ?rst speech 
recogniZer 120 represent vocabulary entries in second speech 
recogniZer 150 that may be confused With an original entry in 
?rst speech recogniZer 120. Consistent With embodiments of 
the invention, second speech recogniZer 150 may comprise a 
larger vocabulary set than ?rst speech recogniZer 120. For 
example, ?rst speech recogniZer 120 may comprise vocabu 
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lary entries from a user’s contact list and may include an 
action command of “Call Lee Flower.” Second speech recog 
nizer may comprise vocabulary entries from a general dictio 
nary list of English language words and may include an entry 
of “cauli?ower.” A comparison of “Call Lee Flower” and 
“cauli?ower” may result in a ?nding that the two entries are 
likely to be confused, and so a decoy entry of “cauli?ower” 
may be added to ?rst speech recognizer 120. 
[0014] If the closest match, based on the recognition score 
between utterance 110 and an entry in ?rst speech recogniz 
er’s 120 vocabulary entries, comprises an original entry in 
?rst speech recognizer’s 120 vocabulary, system 100 may 
calculate a con?dence score associated with the comparison. 
The con?dence score may re?ect ?rst speech recognizer’s 
120 certainty in determination of the closest match. For 
example, recognition scores of all entries may be converted to 
posterior probabilities and the con?dence may be computed 
as a difference between posterior probability of the closest 
match and the next highest posterior probability. A larger 
difference may represent a higher con?dence that the closest 
match to the utterance is accurate. 

[0015] The con?dence score may then be evaluated to 
determine whether the closest match entry in ?rst speech 
recognizer 120 is greater than a con?dence threshold. The 
con?dence threshold may be associated with the individual 
vocabulary entry in ?rst speech recognizer 120, and may be 
separately con?gurable from the con?dence threshold of 
other vocabulary entries in ?rst speech recognizer 120. Con 
sistent with embodiments of the invention, each vocabulary 
entry in ?rst speech recognizer 120 may comprise the same 
con?dence threshold. System 100 may adjust con?dence 
thresholds for at least one of the vocabulary entries in ?rst 
speech recognizer 120 and second speech recognizer 150. For 
example, system 100 may increase a con?dence threshold of 
an entry in response to a voice training operation that may 
indicate a particular user is more likely to generate confusion 
between the entry and a second entry in ?rst speech recog 
nizer 120. System 100 may also periodically update con? 
dence thresholds for at least one entry in ?rst speech recog 
nizer 120 and second speech recognizer 150 according to 
aggregated data from a plurality of users and/or data collected 
from at least one user of system 100. Initial con?dence thresh 
olds may be established according to language analysis of 
phonemes associated with each vocabulary entry which are 
likely to be confused and/ or data gathered from a plurality of 
speech recognition system users. 
[0016] If the con?dence score associated with the closest 
match in ?rst speech recognizer 120 is greater than the asso 
ciated con?dence threshold, system 100 may inform source 
160 of the matching result. Consistent with embodiments of 
the invention, system 100 may send the matching result to 
another recipient, such as another software application mod 
ule, for further processing. 
[0017] If the closest match, based on the recognition score 
between the utterance and an entry in the ?rst recognizer’s 
vocabulary entries, comprises a decoy entry, system 100 may 
pass utterance 110 to second speech recognizer 150. Consis 
tent with embodiments of the invention, system 100 may pass 
utterance 110 to second speech recognizer 150 if the con? 
dence score associated with a recognition score on an original 
vocabulary entry in ?rst speech recognizer 120 is below the 
con?dence threshold associated with the original vocabulary 
entry. Second speech recognizer 150 may then determine a 
recognition score for each vocabulary entry in second speech 
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recognizer 150 based on a comparison of each entry to utter 
ance 110. As with the ?rst speech recognizer, the entry in the 
second recognizer’s vocabulary whose comparison results in 
the highest recognition score may be considered the closest 
match to the utterance. Second speech utterance 11 0 may then 
send the vocabulary entry comprising the highest con?dence 
value to source 160 as a matching entry. Consistent with 
embodiments of the invention, second speech recognizer may 
also require a recognition con?dence threshold for each 
vocabulary entry before considering the entry to match utter 
ance 110. If no vocabulary entry in second speech recognizer 
150 comprises a con?dence value over the recognition con 
?dence threshold, second speech recognizer may return an 
empty result and/or an error message to source 160. If the 
con?dence score associated with the closest match in second 
speech recognizer 150 is greater than the associated con? 
dence threshold, system 100 may inform source 160 of the 
matching result. Consistent with embodiments of the inven 
tion, second speech recognizer 150 may not calculate a con 
?dence score or compare the con?dence score to a con?dence 

threshold. System 100 may send the closest match, as deter 
mined by the vocabulary entry in second speech recognizer 
150 as having the highest recognition score, as the matching 
result to source 160 and/ or another recipient regardless of the 
con?dence score. 

[0018] FIG. 2 is a ?ow chart setting forth the general stages 
involved in a method 200 consistent with an embodiment of 
the invention for providing ef?cient speech recognition. 
Method 200 may be implemented using a computing device 
400 as described in more detail below with respect to FIG. 4. 
Ways to implement the stages of method 200 will be 
described in greater detail below. Method 200 may begin at 
starting block 205 and proceed to stage 210 where computing 
device 400 may provide a ?rst set of vocabulary data. For 
example, ?rst speech recognizer 120 may comprise a set of 
vocabulary data generated from a user’s address book com 
prising contact names, phone numbers, and addresses. 
[0019] From stage 210, method 200 may advance to stage 
220 where computing device 400 may provide a second set of 
vocabulary data. For example, second speech recognizer 150 
may comprise a set of vocabulary data based on a business 
directory. Consistent with embodiments of the invention, the 
second set of vocabulary data may comprise less preferred 
matching terms according to the system’s design goals. The 
second set of vocabulary data may comprise a greater number 
of entries than the ?rst set of vocabulary data. 
[0020] Once computing device 400 provides the second set 
of vocabulary data in stage 220, method 200 may continue to 
stage 230 where computing device 400 may add decoy entries 
to the ?rst set of vocabulary data. Decoy entries may represent 
entries from the second set of vocabulary data that have a high 
likelihood of confusion with entries in the ?rst set of vocabu 
lary data. For example, the ?rst set of vocabulary data may 
include the action “Call Lee Flower” and the second set of 
vocabulary data may include the word “cauli?ower”. In such 
a case, computing device 400 may add a decoy entry of 
“cauli?ower” to the ?rst set of vocabulary data and associate 
the decoy entry of “cauli?ower” with the original entry of 
“Call Lee Flower”. Adding decoy entries to the ?rst set of 
vocabulary data is discussed in greater detail below with 
respect to FIG. 3. 

[0021] After computing device 400 adds at least one decoy 
entry to the ?rst plurality of vocabulary data in stage 230, 
method 200 may proceed to stage 240 where computing 
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device 400 may receive an audio signal input. For example, 
computing device 400 may receive an input comprising a 
speech utterance from a user via an audio input device such as 
a microphone. Consistent with embodiments of the invention, 
computing device 400 may receive the audio signal input 
from a software module or a second computing device. 

[0022] From stage 240, computing device 400 may attempt 
to recogniZe the audio signal input by proceeding to stage 250 
where computing device 400 may determine whether the 
input matches at least one entry in the ?rst set of vocabulary 
data. A recognition score may be assigned to each comparison 
between the utterance and each entry in the ?rst set of vocabu 
lary data. 
[0023] Computing device 400 may then determine whether 
at least one comparison between the input and each entry in 
the ?rst set of vocabulary data resulted in a match by calcu 
lating a con?dence score based on the recognition scores 
associated with the comparisons between the utterance and 
each entry in the ?rst set of vocabulary data. The con?dence 
score may represent a difference between the highest and 
next-highest recognition scores and may be compared to a 
con?dence threshold associated with each entry in the ?rst set 
of vocabulary data. Consistent with embodiments of the 
invention, computing device 400 may determine that the 
highest recognition score may be treated as a match. 
[0024] The associated con?dence threshold may also take 
context into account by examining an association between the 
input and a preceding and/or following speech input. For 
example, an input of “Call Lee Flower” may be examined to 
determine whether a preceding speech input such as “Phone” 
may indicate by context that the ?rst word is “call” and not the 
?rst syllable of “cauli?ower”, while a following input of 
“produce” may better match a business directory listing in the 
second set of vocabulary for “Cauli?ower” as a business 
name in a produce category. 
[0025] If computing device 400 determines that the input 
matches at least one entry in the ?rst set of vocabulary data, 
method 200 may advance to stage 260, where computing 
device 400 may determine whether the matched entry may 
comprise at least one decoy entry added from the second set 
of vocabulary data. 
[0026] If, after comparing the input to each entry in the ?rst 
set of vocabulary data, computing device 400 determines that 
no match has been made with su?icient con?dence, method 
200 may advance to stage 270 where computing device may 
compare the input to each entry in the second set of vocabu 
lary data. For example, after stage 250, computing device 400 
may have indicated a match on a compari son of a speech input 
of “Call Lee Flower” and a decoy entry of “cauli?ower” in the 
?rst set of vocabulary data. Upon advancing to stage 260, 
computing device 400 may determine that “cauli?ower” is a 
decoy entry. Computing device 400 may then proceed to 
compare the input against the second set of vocabulary data 
rather than treating the comparison as a successful match and 
returning the result to source 160 of the input or another 
requester or assigned destination at stage 280. 
[0027] At stage 270 of method 200, computing device may 
repeat a similar comparison between the input and each entry 
in the second set of vocabulary data, as described above with 
respect to the ?rst set of vocabulary data. Consistent with 
embodiments of the invention, the second set of vocabulary 
data may comprise a larger number of word and/or phrase 
entries than the ?rst set of vocabulary data. Further consistent 
with embodiments of the invention, the second set of vocabu 

Apr. 1,2010 

lary data may comprise a separate database, ?le structure, or 
other resource than the ?rst set of vocabulary data and may be 
co-located on a storage medium (eg a removable storage 409 
or a non-removable storage 410) with the ?rst vocabulary 
data. The second set of vocabulary data may be located on a 
different storage medium or a second computing device 418 
operative to communicate with computing device 400 via a 
communication connection 416. For example, the ?rst set of 
vocabulary data may comprise an embedded resource on a 
client device such as a cellular telephone while the second set 
of vocabulary data may comprise a server resource located on 
second computing device 418 operative to communicate with 
the client device via a cellular network. 

[0028] From stage 270, method 200 may proceed to stage 
280 where computing device 400 may return a best match to 
the input from the second set of vocabulary data. The best 
match may be considered to be an entry from the second set of 
vocabulary data whose comparison with the input resulted in 
the highest recognition score. Consistent with embodiments 
of the invention, computing device 400 may return a “no 
match” result and/or an error message if no comparison 
resulted in a su?iciently high recognition score. From stage 
280, method 200 may end at stage 290. 
[0029] Consistent with embodiments of the invention, sys 
tem 100 may receive a new entry to the ?rst plurality of 
vocabulary data. For example, a user may add a new contact 
to an address book associated with the ?rst plurality of 
vocabulary data. System 100 may determine whether the new 
entry may be confusable with at least one entry in the second 
plurality of vocabulary data as described above with respect 
to FIG. 1. In response to determining that the new entry may 
be confusable with at least one entry in the second plurality of 
vocabulary data, system 100 may add a decoy entry to the ?rst 
plurality of vocabulary data comprising the confusable entry 
from the second plurality of vocabulary data. 
[0030] In the course of performing method 200, computing 
device 400 may be operable to receive feedback from a user 
regarding the success or failure of attempts to recogniZe 
speech inputs as matching entries in the ?rst and second sets 
of vocabulary data. For example, a user may indicate that 
computing device 400 incorrectly returned “Microsoft” as a 
result from the second set of vocabulary data instead of “Mis 
ter Soft” from the ?rst set of vocabulary data. Computing 
device 400 may create training data comprising a record of 
the confusion between the entries in the ?rst and second sets 
of vocabulary data. Consistent with embodiments of the 
invention, computing device 400 may add a decoy entry to the 
?rst set of vocabulary data in response to receiving an indi 
cation that entries between the ?rst and second sets of vocabu 
lary data have been confused. Further consistent with 
embodiments of the invention, computing device 400 may 
periodically re-compare the ?rst and second sets of vocabu 
lary data and add and/or remove decoy entries from the ?rst 
set of vocabulary data based on a user’s history. Computing 
device 400 may also periodically adjust con?dence thresh 
olds associated with entries in the ?rst and second sets of 
vocabulary data according to the user’s history. 
[0031] FIG. 3 is a ?ow chart ofa subroutine 230 ofmethod 
200 of FIG. 2 for adding at least one decoy entry to a ?rst set 
of vocabulary data. Subroutine 230 may cause computing 
device 400 to begin at stage 310 by looping through each 
entry in the ?rst set of vocabulary data and comparing it to 
each entry in the second set of vocabulary data. From stage 
310, subroutine 230 may advance to stage 320 where com 
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puting device 400 may calculate a confusability score for the 
entry in the ?rst set of vocabulary data as compared to an entry 
in the second set of vocabulary data. For example, the con 
fusability score may comprise an edit distance between pho 
netic representations of the entries, such as a Levenshtein edit 
distance wherein each letter that differs between the two 
textual representations adds to an edit distance score. Consis 
tent with embodiments of the invention, each type of pho 
neme difference between the two phonetic representations 
adds a constant distance score to an overall edit distance 
score. Each phoneme difference between two phonetic rep 
resentations may be of type insertion, deletion, or substitu 
tion, and each of these types may have a ?xed distance score. 
The confusability score may be inversely correlated to the 
edit distance. 
[0032] Consistent with embodiments of the invention, the 
distance scores within each type of the phoneme difference 
may vary according to pronunciation differences in pho 
nemes of a selected language. For example, / sh i p/ (a phonetic 
representation of “sheep”) may be less confusable with / sh aa 
p/ (a phonetic representation of “shop”) than with / sh ih p/ (a 
phonetic representation of “ship”). A confusability score may 
be generated on the basis of phoneme-wise confusabilities 
using Dynamic Programming or other aggregating methods. 
The edit distance between “sheep” and “ship” may be lower 
than between “sheep” and “shop”; thus “ship” may be more 
likely to be selected as a decoy for “sheep” than “shop”. 
[0033] Consistent with further embodiments of the inven 
tion, the confusability score may also be generated by deriv 
ing a metric of natural confusability from a large set of train 
ing data directly at the level of entries, not at the level of 
phonemes. For example, based on the frequency of confusion 
between “Call Lee Flower” and “cauli?ower” in a training 
data set, a confusability score may be de?ned directly 
between “Call Lee Flower” and “cauli?ower”. The training 
data set may be a set of automatic speech recognition results, 
or a set of human listening results. From stage 320, subroutine 
230 may advance to stage 330, where computing device 400 
may determine whether the entry from the ?rst set of vocabu 
lary and the entry from the second set of vocabulary data are 
confusable. For example, computing device 400 may calcu 
late an edit distance between /m a n/ (a phonetic representa 
tion of “man”) and /m ah n k/ (a phonetic representation of 
“monk”) of 1.5 based on adding 0.5 for substituting /a/ for lahi 
with 1.0 for inserting an additional /k/. System 100 may be 
con?gured to treat an edit distance less than 1.2 as confusable 
so that “man” and “monk” are determined not to be confus 
able entries. 

[0034] If the entries are not determined to be confusable, 
subroutine 230 may advance to stage 360, where computing 
device 400 may compare the entry from the ?rst set of 
vocabulary data to a next entry from the second set of vocabu 
lary data. If the entry from the ?rst set of vocabulary data has 
been compared to all of the entries in the second set of 
vocabulary data, computing device 400 may proceed to a next 
entry from the ?rst set of vocabulary data and compare the 
next entry from the ?rst set of vocabulary data to each entry in 
the second set of vocabulary data. If all of the entries from the 
?rst set of vocabulary data have been compared to all of the 
entries from the second set of vocabulary data, subroutine 230 
may proceed to stage 240 of method 200. 
[0035] If, at stage 330, computing device 400 determines 
that the entries are confusable, subroutine 230 may advance 
to stage 340 where computing device 400 may insert a decoy 
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entry into the ?rst set of vocabulary data comprising the 
confusable entry from the second set of vocabulary data. For 
example, computing device 400 may determine that a phrase 
of “Call Lee Flower” in the ?rst set of vocabulary data may be 
confusable with “cauli?ower” in the second set of vocabulary 
data and add a decoy entry of “cauli?ower” to the ?rst set of 
vocabulary data. Consistent with embodiments of the inven 
tion, adding decoy entries to the ?rst set of vocabulary data 
enables system 100 to provide improved recognition accu 
racy to source 160 by causing computing device 400 to per 
form further processing on speech inputs with a high degree 
of likelihood of confusion. System 100 may thus provide 
increased e?iciency by not proceeding to compare an input 
against the second, potentially much larger, set of vocabulary 
data when con?dence in a match against an entry in the ?rst 
set of vocabulary data is su?iciently high. 
[0036] After adding the decoy entry to the ?rst set of 
vocabulary data at stage 340, subroutine 230 may proceed to 
stage 350, where computing device 300 may associate the 
decoy entry with the original entry in the ?rst set of vocabu 
lary data. Consistent with embodiments of the invention, 
computing device 400 may adjust the con?dence threshold 
for the original entry from the ?rst set of vocabulary data to 
require a greater degree of con?dence in comparing an input 
to the original entry from the ?rst set of vocabulary data 
before determining that a match has occurred. Further con 
sistent with embodiments of the invention, computing device 
400 may require that the input be compared against the sec 
ond set of vocabulary data when the input matches any decoy 
entry in the ?rst set of vocabulary data. 
[0037] From stage 350, subroutine 230 may advance to 
stage 360, where computing device 400 may continue com 
paring entries between the ?rst and second sets of vocabulary 
data, as described above. 

[0038] An embodiment consistent with the invention may 
comprise a system for providing e?icient speech recognition. 
The system may comprise a memory storage and a processing 
unit coupled to the memory storage. The processing unit may 
be operative to provide a ?rst plurality of vocabulary data, 
provide a second plurality of vocabulary data, add at least one 
decoy entry to the ?rst plurality of vocabulary data wherein 
the at least one decoy entry comprises at least one entry from 
the second plurality of vocabulary data, receive an input com 
prising an audio signal, and determine whether the input 
matches at least one entry in the ?rst plurality of vocabulary 
data. In response to determining that the input matches the at 
least one entry in the ?rst vocabulary data, the processing unit 
may be further operative to determine whether the input 
matches the at least one decoy entry in the ?rst vocabulary 
data and, in response to determining that the input matches 
the at least one decoy entry in the ?rst vocabulary data, 
determine whether the input matches at least one entry in the 
second plurality of vocabulary data. 
[0039] Another embodiment consistent with the invention 
may comprise a system for providing e?icient speech recog 
nition using two unequal ASR systems. The system may 
comprise a memory storage and a processing unit coupled to 
the memory storage. The processing unit may be operative to 
access a ?rst plurality of vocabulary data, access a second 
plurality of vocabulary data, and add at least one decoy entry 
to the ?rst plurality of vocabulary data wherein the at least one 
decoy entry comprises at least one entry from the second 
plurality of vocabulary data. The processing unit may be 
further operative to compare each entry in the ?rst plurality of 
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vocabulary data to each entry in the second plurality of 
vocabulary data, determine Whether at least one entry in the 
?rst plurality of vocabulary data is confusable With at least 
one entry in the second plurality of vocabulary data, in 
response to determining that at least one entry in the ?rst 
plurality of vocabulary data is confusable With at least one 
entry in the second plurality of vocabulary data, add the at 
least one entry in the second plurality of vocabulary data that 
is confusable With the at least one entry in the ?rst plurality of 
vocabulary data to the ?rst plurality of vocabulary data. The 
processing unit may be further operative to receive an input 
comprising a speech signal, determine Whether the input 
matches at least one entry in the ?rst plurality of vocabulary 
data, in response to determining that the input matches the at 
least one entry in the ?rst vocabulary data, determine Whether 
the input matches the at least one decoy entry in the ?rst 
vocabulary data, and in response to determining that the input 
matches the at least one decoy entry in the ?rst vocabulary 
data, determine Whether the input matches at least one entry 
in the second plurality of vocabulary data. 
[0040] Yet another embodiment consistent With the inven 
tion may comprise a system for providing ef?cient speech 
recognition. The system may comprise a memory storage and 
a processing unit coupled to the memory storage. The pro 
cessing unit may be operative to provide a ?rst plurality of 
vocabulary data, provide a second plurality of vocabulary 
data, Wherein the second plurality of vocabulary data com 
prises a larger number of entries than the ?rst plurality of 
vocabulary data, and add at least one decoy entry to the ?rst 
plurality of vocabulary data Wherein the at least one decoy 
entry may comprise at least one entry from the second plu 
rality of vocabulary data. Consistent With embodiments of the 
invention, being operative to add at least one decoy entry to 
the ?rst plurality of vocabulary data may comprise being 
operative to compare each entry in the ?rst plurality of 
vocabulary data to each entry in the second plurality of 
vocabulary data, determine Whether at least one entry in the 
?rst plurality of vocabulary data may be confusable With at 
least one entry in the second plurality of vocabulary data, 
Wherein being operative to determine Whether at least one 
entry in the ?rst plurality of vocabulary data may be confus 
able With at least one entry in the second plurality of vocabu 
lary data may comprise being operative to calculate a confu 
sion score based on a comparison of each entry in the ?rst 
plurality of vocabulary data With each entry in the second 
plurality of vocabulary data, and determine Whether the cal 
culated confusion score comprises a value indicating that at 
least one entry in the ?rst plurality of vocabulary data is 
confusable With at least one entry in the second plurality of 
vocabulary data. 
[0041] In response to determining that at least one entry in 
the ?rst plurality of vocabulary data may be confusable With 
at least one entry in the second plurality of vocabulary data, 
the processing unit may be further operative to add the at least 
one entry in the second plurality of vocabulary data that may 
be confusable With the at least one entry in the ?rst plurality 
of vocabulary data to the ?rst plurality of vocabulary data 
according to at least one of the folloWing con?gurable 
options: adding all of the at least one entries in the second 
plurality of vocabulary data to the ?rst plurality of vocabulary 
data comprising a confusion score greater than a confusion 
threshold Theta (a neighborhood of ?xed radius) and adding 
a prede?ned number N of the at least one entries in the second 
plurality of vocabulary data to the ?rst plurality of vocabulary 
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data comprising the highest confusion scores (a neighbor 
hood of ?xed capacity). Threshold Theta or cardinality N may 
be estimated from training data associated With at least one 
user of a speech recognition system. 
[0042] The processing unit may be further operative to 
associate the added entry to the ?rst plurality of vocabulary 
data With the at least one entry in the ?rst plurality of vocabu 
lary data as a decoy entry, receive an input comprising an 
audible signal Which may comprise a spoken utterance, and 
determine Whether the input matches at least one entry in the 
?rst plurality of vocabulary data. Consistent With embodi 
ments of the invention, being operative to determine Whether 
the input matches at least one entry in the ?rst plurality of 
vocabulary data may comprise being operative to assign a 
recognition score based on a comparison of the input With 
each entry in the ?rst plurality of vocabulary data, determine 
Whether at least one recognition score assigned to the com 
parison of the input With each entry in the ?rst plurality of 
vocabulary data results in a con?dence score that exceeds a 
con?dence threshold associated With the entry in the ?rst 
plurality of vocabulary data. 
[0043] In response to determining that the input matches 
the at least one entry in the ?rst vocabulary data, the process 
ing unit may be operative to determine Whether the matching 
entry is a decoy entry in the ?rst vocabulary data and, in 
response to determining that the input matches the decoy 
entry in the ?rst vocabulary data, determine Whether the input 
matches at least one entry in the second plurality of vocabu 
lary data. In response to determining that the input does not 
match at least one entry in the ?rst plurality of vocabulary 
data, the processing unit may be operative to determine 
Whether the input matches at least one entry in the second 
plurality of vocabulary data. 
[0044] FIG. 4 is a block diagram of a system including 
computing device 400. Consistent With an embodiment of the 
invention, the aforementioned memory storage and process 
ing unit may be implemented in a computing device, such as 
computing device 400 of FIG. 4. Any suitable combination of 
hardWare, softWare, or ?rmWare may be used to implement 
the memory storage and processing unit. For example, the 
memory storage and processing unit may be implemented 
With computing device 400 or any of other computing devices 
418, in combination With computing device 400. The afore 
mentioned system, device, and processors are examples and 
other systems, devices, and processors may comprise the 
aforementioned memory storage and processing unit, consis 
tent With embodiments of the invention. Furthermore, com 
puting device 400 may comprise an operating environment 
for system 100 as described above. System 100 may operate 
in other environments and is not limited to computing device 
400. 

[0045] With reference to FIG. 4, a system consistent With 
an embodiment of the invention may include a computing 
device, such as computing device 400. In a basic con?gura 
tion, computing device 400 may include at least one process 
ing unit 402 and a system memory 404. Depending on the 
con?guration and type of computing device, system memory 
404 may comprise, but is not limited to, volatile (e.g. random 
access memory (RAM)), non-volatile (e. g. read-only 
memory (ROM)), ?ash memory, or any combination. System 
memory 404 may include operating system 405, at least one 
programming module 406, and may include a program data 
407. Operating system 405, for example, may be suitable for 
controlling computing device 400’s operation. In one 
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embodiment, programming modules 406 may include ?rst 
speech recognizer 120 and second speech recogniZer 130. 
Furthermore, embodiments of the invention may be practiced 
in conjunction With a graphics library, other operating sys 
tems, or any other application program and is not limited to 
any particular application or system. This basic con?guration 
is illustrated in FIG. 4 by those components Within a dashed 
line 408. 

[0046] Computing device 400 may have additional features 
or functionality. For example, computing device 400 may 
also include additional data storage devices (removable and/ 
or non-removable) such as, for example, magnetic disks, 
optical disks, or tape. Such additional storage is illustrated in 
FIG. 4 by removable storage 409 and non-removable storage 
410. Computer storage media may include volatile and non 
volatile, removable and non-removable media implemented 
in any method or technology for storage of information, such 
as computer readable instructions, data structures, program 
modules, or other data. System memory 404, removable stor 
age 409, and non-removable storage 410 are all computer 
storage media examples (i.e., memory storage.) Computer 
storage media may include, but is not limited to, RAM, ROM, 
electrically erasable read-only memory (EEPROM), ?ash 
memory or other memory technology, CD-ROM, digital ver 
satile disks (DVD) or other optical storage, magnetic cas 
settes, magnetic tape, magnetic disk storage or other mag 
netic storage devices, or any other medium Which can be used 
to store information and Which can be accessed by computing 
device 400. Any such computer storage media may be part of 
device 400. Computing device 400 may also have input 
device(s) 412 such as a keyboard, a mouse, a pen, a sound 
input device, a touch input device, etc. Output device(s) 414 
such as a display, speakers, a printer, etc. may also be 
included. The aforementioned devices are examples and oth 
ers may be used. 

[0047] Computing device 400 may also contain a commu 
nication connection 416 that may alloW device 400 to com 
municate With other computing devices 418, such as over a 
netWork in a distributed computing environment, for 
example, an intranet or the Internet. Communication connec 
tion 416 is one example of communication media. Commu 
nication media may typically be embodied by computer read 
able instructions, data structures, program modules, or other 
data in a modulated data signal, such as a carrier Wave or other 

transport mechanism, and includes any information delivery 
media. The term “modulated data signal” may describe a 
signal that has one or more characteristics set or changed in 
such a manner as to encode information in the signal. By Way 
of example, and not limitation, communication media may 
include Wired media such as a Wired netWork or direct-Wired 

connection, and Wireless media such as acoustic, radio fre 
quency (RF), infrared, and other Wireless media. The term 
computer readable media as used herein may include both 
storage media and communication media. 

[0048] As stated above, a number of program modules and 
data ?les may be stored in system memory 404, including 
operating system 405. While executing on processing unit 
402, programming modules 406 (eg ?rst speech recogniZer 
120) may perform processes including, for example, at least 
one of method 200’s stages as described above. The afore 
mentioned process is an example, and processing unit 402 
may perform other processes. Other programming modules 
that may be used in accordance With embodiments of the 
present invention may include electronic mail and contacts 
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applications, Word processing applications, spreadsheet 
applications, database applications, slide presentation appli 
cations, draWing or computer-aided application programs, 
etc. 

[0049] Generally, consistent With embodiments of the 
invention, program modules may include routines, programs, 
components, data structures, and other types of structures that 
may perform particular tasks or that may implement particu 
lar abstract data types. Moreover, embodiments may be prac 
ticed With other computer system con?gurations, including 
hand-held devices, multiprocessor systems, microprocessor 
based or programmable consumer electronics, minicomput 
ers, mainframe computers, and the like. Embodiments of the 
invention may also be practiced in distributed computing 
environments Where tasks are performed by remote process 
ing devices that are linked through a communications net 
Work. In a distributed computing environment, program mod 
ules may be located in both local and remote memory storage 
devices. 

[0050] Furthermore, embodiments of the invention may be 
practiced in an electrical circuit comprising discrete elec 
tronic elements, packaged or integrated electronic chips con 
taining logic gates, a circuit utiliZing a microprocessor, or on 
a single chip containing electronic elements or microproces 
sors. Embodiments of the invention may also be practiced 
using other technologies capable of performing logical opera 
tions such as, for example, AND, OR, and NOT, including but 
not limited to mechanical, optical, ?uidic, and quantum tech 
nologies. In addition, embodiments of the invention may be 
practiced Within a general purpose computer or in any other 
circuits or systems. 

[0051] Embodiments of the invention, for example, may be 
implemented as a computer process (method), a computing 
system, or as an article of manufacture, such as a computer 
program product or computer readable media. The computer 
program product may be a computer storage media readable 
by a computer system and encoding a computer program of 
instructions for executing a computer process. The computer 
program product may also be a propagated signal on a carrier 
readable by a computing system and encoding a computer 
program of instructions for executing a computer process. 
Accordingly, the present invention may be embodied in hard 
Ware and/or in softWare (including ?rmWare, resident soft 
Ware, micro-code, etc.). In other Words, embodiments of the 
present invention may take the form of a computer program 
product on a computer-usable or computer-readable storage 
medium having computer-usable or computer-readable pro 
gram code embodied in the medium for use by or in connec 
tion With an instruction execution system. A computer-usable 
or computer-readable medium may be any medium that can 
contain, store, communicate, propagate, or transport the pro 
gram for use by or in connection With the instruction execu 
tion system, apparatus, or device. 
[0052] The computer-usable or computer-readable 
medium may be, for example but not limited to, an electronic, 
magnetic, optical, electromagnetic, infrared, or semiconduc 
tor system, apparatus, device, or propagation medium. More 
speci?c computer-readable medium examples (a non-ex 
haustive list), the computer-readable medium may include 
the folloWing: an electrical connection having one or more 
Wires, a portable computer diskette, a random access memory 
(RAM), a read-only memory (ROM), an erasable program 
mable read-only memory (EPROM or Flash memory), an 
optical ?ber, and a portable compact disc read-only memory 
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(CD-ROM). Note that the computer-usable or computer 
readable medium could even be paper or another suitable 
medium upon Which the program is printed, as the program 
can be electronically captured, via, for instance, optical scan 
ning of the paper or other medium, then compiled, inter 
preted, or otherWise processed in a suitable manner, if neces 
sary, and then stored in a computer memory. 
[0053] Embodiments of the present invention, for example, 
are described above With reference to block diagrams and/or 
operational illustrations of methods, systems, and computer 
program products according to embodiments of the inven 
tion. The functions/acts noted in the blocks may occur out of 
the order as shoWn in any ?owchart. For example, tWo blocks 
shoWn in succession may in fact be executed substantially 
concurrently or the blocks may sometimes be executed in the 
reverse order, depending upon the functionality/acts 
involved. 
[0054] While certain embodiments of the invention have 
been described, other embodiments may exist. Furthermore, 
although embodiments of the present invention have been 
described as being associated With data stored in memory and 
other storage mediums, data can also be stored on or read 
from other types of computer-readable media, such as sec 
ondary storage devices, like hard disks, ?oppy disks, or a 
CD-ROM, a carrier Wave from the lntemet, or other forms of 
RAM or ROM. Further, the disclosed methods’ stages may be 
modi?ed in any manner, including by reordering stages and/ 
or inserting or deleting stages, Without departing from the 
invention. 
[0055] All rights including copyrights in the code included 
herein are vested in and the property of the Applicant. The 
Applicant retains and reserves all rights in the code included 
herein, and grants permission to reproduce the material only 
in connection With reproduction of the granted patent and for 
no other purpose. 

[0056] While the speci?cation includes examples, the 
invention’s scope is indicated by the folloWing claims. Fur 
thermore, While the speci?cation has been described in lan 
guage speci?c to structural features and/or methodological 
acts, the claims are not limited to the features or acts described 
above. Rather, the speci?c features and acts described above 
are disclosed as example for embodiments of the invention. 

What is claimed is: 
1. A method for providing ef?cient speech recognition, the 

method comprising: 
providing a ?rst plurality of vocabulary data; 
providing a second plurality of vocabulary data; 
adding at least one decoy entry to the ?rst plurality of 

vocabulary data Wherein the at least one decoy entry 
comprises at least one entry from the second plurality of 
vocabulary data; 

receiving an input comprising an audio signal; 
determining Whether the input matches at least one entry in 

the ?rst plurality of vocabulary data; 
in response to determining that the input matches the at 

least one entry in the ?rst vocabulary data, determining 
Whether the matched at least one entry comprises the at 
least one decoy entry in the ?rst vocabulary data; and 

in response to determining that the matched at least one 
entry comprises the at least one decoy entry in the ?rst 
vocabulary data, determining Whether the input matches 
at least one entry in the second plurality of vocabulary 
data. 
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2. The method of claim 1, further comprising: 
in response to determining that the input does not match at 

least one entry in the ?rst plurality of vocabulary data, 
determining Whether the input matches at least one entry 
in the second plurality of vocabulary data. 

3. The method of claim 1, Wherein adding at least one 
decoy entry to the ?rst plurality of vocabulary data Wherein 
the at least one decoy entry comprises at least one entry from 
the second plurality of vocabulary data comprises: 

comparing each entry in the ?rst plurality of vocabulary 
data to each entry in the second plurality of vocabulary 
data; 

determining Whether at least one entry in the ?rst plurality 
of vocabulary data is confusable With at least one entry 
in the second plurality of vocabulary data; 

in response to determining that at least one entry in the ?rst 
plurality of vocabulary data is confusable With at least 
one entry in the second plurality of vocabulary data, 
adding the at least one entry in the second plurality of 
vocabulary data that is confusable With the at least one 
entry in the ?rst plurality of vocabulary data to the ?rst 
plurality of vocabulary data; and 

associating the added entry to the ?rst plurality of vocabu 
lary data With the at least one entry in the ?rst plurality of 
vocabulary data as a decoy entry. 

4. The method of claim 3, Wherein determining Whether at 
least one entry in the ?rst plurality of vocabulary data is 
confusable With at least one entry in the second plurality of 
vocabulary data comprises: 

calculating a confusability score based on a comparison of 
each entry in the ?rst plurality of vocabulary data With 
each entry in the second plurality of vocabulary data; 
and 

determining Whether the calculated confusability score 
comprises a value indicating that at least one entry in the 
?rst plurality of vocabulary data is confusable With at 
least one entry in the second plurality of vocabulary data. 

5. The method of claim 4, Wherein calculating the confus 
ability score based on a comparison of each entry in the ?rst 
plurality of vocabulary data With each entry in the second 
plurality of vocabulary data comprises: 

comparing a phonetic representation of each entry in the 
?rst plurality of vocabulary data With a phonetic repre 
sentation of each entry in the second plurality of vocabu 
lary data; and 

calculating an edit distance betWeen the phonetic represen 
tation of each entry in the ?rst plurality of vocabulary 
data With the phonetic representation of each entry in the 
second plurality of vocabulary data. 

6. The method of claim 4, Wherein calculating the confus 
ability score based on a comparison of each entry in the ?rst 
plurality of vocabulary data With each entry in the second 
plurality of vocabulary data comprises deriving a metric of 
natural confusability from a set of training data. 

7. The method of claim 1, further comprising: 
receiving a neW entry to the ?rst plurality of vocabulary 

data; and 
determining Whether the neW entry in the ?rst plurality of 

vocabulary data is confusable With at least one entry in 
the second plurality of vocabulary data; and 

in response to determining that the neW entry in the ?rst 
plurality of vocabulary data is confusable With at least 
one entry in the second plurality of vocabulary data, 
adding the at least one entry in the second plurality of 



US 2010/0082343 A1 

vocabulary data that is confusable With the at least one 
entry in the ?rst plurality of vocabulary data to the ?rst 
plurality of vocabulary data. 

8. The method of claim 1, further comprising: 
determining Whether an entry in the ?rst plurality of 

vocabulary data has been confused With an entry in the 
second plurality of vocabulary data; and 

creating a record of the confusion of the entry in the ?rst 
plurality of vocabulary data With the entry in the second 
plurality of vocabulary data. 

9. The method of claim 8, further comprising adding a 
decoy entry comprising the entry in the second plurality of 
vocabulary data confused With the entry in the ?rst plurality 
of vocabulary data to the ?rst plurality of vocabulary data. 

10. The method of claim 4, Wherein calculating the score 
based on a comparison of each entry in the ?rst plurality of 
vocabulary data With each entry in the second plurality of 
vocabulary data comprises deriving a metric of natural con 
fusability for each comparison from at least one set of training 
data, Wherein the metric of natural confusability is associated 
With the entirety of the entry. 

11. The method of claim 6, Wherein the likelihood of con 
fusion for each compared phoneme is based on at least one of 
the folloWing: training data from at least one user and histori 
cal data from a plurality of users. 

12. The method of claim 1, Wherein the ?rst plurality of 
vocabulary data comprises feWer entries than the second plu 
rality of vocabulary data. 

13. The method of claim 1, Wherein determining Whether 
the input matches at least one entry in the ?rst plurality of 
vocabulary data comprises: 

determining Whether the input is Within a con?dence 
threshold for determining a match; and 

periodically adjusting the con?dence threshold for deter 
mining a match according to training data from at least 
one user. 

14. The method of claim 13, Wherein each entry in the ?rst 
plurality of vocabulary data requires the same con?dence 
threshold for determining a match With the input. 

15. The method of claim 13, Wherein the con?dence thresh 
old for determining a match betWeen each entry in the ?rst 
plurality of vocabulary data and the input is separately con 
?gurable. 

16.A system for providing ef?cient speech recognition, the 
system comprising: 

a memory storage; and 
a processing unit coupled to the memory storage, Wherein 

the processing unit is operative to: 
access a ?rst plurality of vocabulary data; 
access a second plurality of vocabulary data; 
add at least one decoy entry to the ?rst plurality of 

vocabulary data Wherein the at least one decoy entry 
comprises at least one entry from the second plurality 
of vocabulary data, Wherein being operative to add the 
at least one decoy entry to the ?rst plurality of vocabu 
lary data comprises being operative to: 
compare each entry in the ?rst plurality of vocabulary 

data to each entry in the second plurality of vocabu 
lary data, 

determine Whether at least one entry in the ?rst plu 
rality of vocabulary data is confusable With at least 
one entry in the second plurality of vocabulary 
data, 
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in response to determining that at least one entry in the 
?rst plurality of vocabulary data is confusable With 
at least one entry in the second plurality of vocabu 
lary data, add the at least one entry in the second 
plurality of vocabulary data that is confusable With 
the at least one entry in the ?rst plurality of vocabu 
lary data to the ?rst plurality of vocabulary data, 
and 

associate the added entry to the ?rst plurality of 
vocabulary data With the at least one entry in the 
?rst plurality of vocabulary data as a decoy entry; 

receive an input comprising a speech signal; 
determine Whether the input matches at least one entry in 

the ?rst plurality of vocabulary data; 
in response to determining that the input matches the at 

least one entry in the ?rst vocabulary data, determine 
Whether the matched at least one entry comprises the 
at least one decoy entry in the ?rst vocabulary data; 
and 

in response to determining that the matched at least one 
entry comprises the at least one decoy entry in the ?rst 
vocabulary data, determine Whether the input matches 
at least one entry in the second plurality of vocabulary 
data. 

17. The system of claim 16, Wherein the processing unit is 
further operable to: 

determine Whether an entry in the ?rst plurality of vocabu 
lary data has been confused With an entry in the second 
plurality of vocabulary data; 

create at least one record of the confusion of the entry in the 
?rst plurality of vocabulary data With the entry in the 
second plurality of vocabulary data; and 

re-determine Whether at least one entry in the ?rst plurality 
of vocabulary data is confusable With at least one entry 
in the second plurality of vocabulary data based on the at 
least one record of the confusion of the entry in the ?rst 
plurality of vocabulary data With the entry in the second 
plurality of vocabulary data. 

18. The system of claim 16, Wherein being operative to 
access the ?rst plurality of vocabulary data comprises being 
operative to access a locally stored ?rst recognition resource 
operative to provide the ?rst plurality of vocabulary data; and 

Wherein being operative to access the second plurality of 
vocabulary data comprises being operative to access a 
remotely stored second recognition resource operative 
to provide the second plurality of vocabulary data. 

19. The system of claim 16, Wherein being operative to 
determine Whether at least one entry in the ?rst plurality of 
vocabulary data is confusable With at least one entry in the 
second plurality of vocabulary data comprises being opera 
tive to calculate a Weighted edit distance betWeen a pronun 
ciation of each entry in the ?rst plurality of vocabulary data 
and a pronunciation of each entry in the second plurality of 
vocabulary data. 

20. A computer-readable medium Which stores a set of 
instructions Which, When executed, performs a method for 
providing e?icient speech recognition, the method executed 
by the set of instructions comprising: 

providing a ?rst plurality of vocabulary data; 
providing a second plurality of vocabulary data, Wherein 

the second plurality of vocabulary data comprises a 
larger number of entries than the ?rst plurality of 
vocabulary data; 
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adding at least one decoy entry to the ?rst plurality of 
Vocabulary data wherein the at least one decoy entry 
comprises at least one entry from the second plurality of 
Vocabulary data, Wherein adding at least one decoy entry 
to the ?rst plurality of Vocabulary data comprises: 
comparing each entry in the ?rst plurality of Vocabulary 

data to each entry in the second plurality of Vocabu 
lary data, 

determining Whether at least one entry in the ?rst plu 
rality of Vocabulary data is confusable With at least 
one entry in the second plurality of Vocabulary data, 
Wherein determining Whether at least one entry in the 
?rst plurality of Vocabulary data is confusable With at 
least one entry in the second plurality of Vocabulary 
data comprises: 
calculating a confusion score based on a comparison 

of each entry in the ?rst plurality of Vocabulary data 
With each entry in the second plurality of Vocabu 
lary data, and 

determining Whether the calculated confusion score 
comprises a Value indicating that at least one entry 
in the ?rst plurality of Vocabulary data is confus 
able With at least one entry in the second plurality of 
Vocabulary data; 

in response to determining that at least one entry in the 
?rst plurality of Vocabulary data is confusable With at 
least one entry in the second plurality of Vocabulary 
data, adding the at least one entry in the second plu 
rality of Vocabulary data that is confusable With the at 
least one entry in the ?rst plurality of Vocabulary data 
to the ?rst plurality of Vocabulary data according to at 
least one of the following: adding all of the at least one 
entries in the second plurality of Vocabulary data to 
the ?rst plurality of Vocabulary data comprising a 
confusion score greater than a confusion threshold 
and adding a prede?ned number of the at least one 
entries in the second plurality of Vocabulary data to 
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the ?rst plurality of Vocabulary data comprising the 
highest confusion scores, and 

associating the added entry to the ?rst plurality of 
Vocabulary data With the at least one entry in the ?rst 
plurality of Vocabulary data as a decoy entry; 

receiving an input comprising an audible signal; 
determining Whether the input matches at least one entry in 

the ?rst plurality of Vocabulary data, Wherein determin 
ing Whether the input matches at least one entry in the 
?rst plurality of Vocabulary data comprises: 
assigning a recognition score based on a comparison of 

the input With each entry in the ?rst plurality of 
Vocabulary data, 

converting the recognition score associated With each 
entry in the ?rst plurality of Vocabulary data to a 
posterior probability, 

computing a con?dence score as a difference betWeen 

the posterior probability of the input With the highest 
recognition score and the input With the next highest 
recognition score, and 

determining Whether the con?dence score exceeds a 
con?dence threshold associated With the entry com 
prising the highest recognition score in the ?rst plu 
rality of Vocabulary data; 

in response to determining that the input matches the at 
least one entry in the ?rst Vocabulary data, determining 
Whether the matched entry comprises the at least one 
decoy entry in the ?rst Vocabulary data; 

in response to determining that the matched entry com 
prises the at least one decoy entry in the ?rst Vocabulary 
data, determining Whether the input matches at least one 
entry in the second plurality of Vocabulary data; and 

in response to determining that the input does not match at 
least one entry in the ?rst plurality of Vocabulary data, 
determining Whether the input matches at least one entry 
in the second plurality of Vocabulary data. 

* * * * * 


